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UNINTERRUPTIBLE POWER SUPPLY 

BACKGROUND OF THE INVENTION 

FTET,D OF THE INVENTION: 
5 The present invention relates to an uninterruptible 

power supply which is suitable for ensuring that 
electronic devices such as a computer and a server operate 
continuously upon failure of a commercial (AC) power 
supply which serves as a power source for the electronic 
10 devices. 

;J DESCRIPT ION OF THE PRIOR ART: 

in With the proliferation of OA (office automation), 

I ft 

there is an increasingly higher need for integration of a 
P 15 variety of information (data). To respond to this need, an 

uninterruptible power supply is provided in order to 
! =I ensure the operation of an electronic device such as a 

j'l computer used as an information processing apparatus and a 

controller in a variety of applications or a peripheral 
M 20 device associated therewith, or such as a server for 
holding or controlling data in a network system. The 
uninterruptible power supply is disposed between an 
associated electronic device and a commercial (AC) power 
supply, which serves as a power source for the electronic 
25 device, such that the uninterruptible power supply powers 
the electronic device when the commercial power supply 
fails . 

For reference, the uninterruptible power supply is 
configured to charge its rechargeable battery cells for 
30 storing electric energy therein in a normal state, and to 
retrieve the electric energy from the rechargeable battery 
cells for powering the electronic device when the 
commercial power supply fails. 




However, since a lead rechargeable battery is 
typically used as a rechargeable battery cell, 
conventional uninterruptible power supplies generally 
become inevitably large and heavy. In addition, the lead 
rechargeable battery has several problems remained 
unsolved from an environmental point of view, such as its 
short lifetime, danger of leaking, and so on, for use as a 
rechargeable battery cell which is incorporated in an 
uninterruptible power supply. Also, a conventional 
uninterruptible power supply operates independently of an 
associated electronic device, and only powers a power 
supply unit of the electronic device upon power failure , 
so that the electronic device cannot detect the state of 
the rechargeable battery cell in the uninterruptible power 
supply such as a charge energy, lifetime and so on. 



SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
simple and compact uninterruptible power supply which is 
capable of ensuring the operation of an electronic device 
while monitoring the state of a rechargeable battery. 

It is another object of the present invention to 
provide an uninterruptible power supply which is capable 
of indicating to an electronic device and/or a user of the 
electronic device, a charging state of a rechargeable 
battery which is normally charged by the power from a 
commercial power supply and is responsible for powering 
the electronic device to ensure the operation of the 
electronic device when the commercial power supply fails . 

It is a further object of the present invention to 
provide an uninterruptible power supply which is capable 
of ensuring a stable operation of the rechargeable battery. 

An uninterruptible power supply according to the 



3 



■is? 



present invention comprises a power supply unit for 
generating DC power at a predetermined voltage from AC 
power supplied from the outside to supply the DC power to 
an electronic device, and a rechargeable battery unit 
5 including rechargeable battery cells for storing the power 
supplied thereto from the power supply unit for supplying 
the electronic device with the power stored in the 
rechargeable battery upon service interruption of the AC 
power. Particularly, the rechargeable battery unit 

10 comprises a battery state monitoring unit for monitoring a 
state of the rechargeable battery cells, and communicating 
means for notifying the electronic device of information 
indicative of the state of the rechargeable battery 
detected by the battery state monitoring unit . 

15 Specifically, the rechargeable battery cells comprise 

nickel-metal hydride rechargeable batteries. The battery 
state monitoring unit comprises functions of detecting a 
battery voltage, a charge current and/or a battery 
temperature of the rechargeable battery cells , determining 

20 a fully charged state of the rechargeable battery cells 

based on the information detected thereby, and calculating 
a charge capacity and/or a lifetime of the rechargeable 
battery cells. Then, the communication means is configured 
to notify the electronic device of at least one of a 

2 5 battery voltage, a battery temperature, a charge current, 
a discharge current, a battery capacity, a lifetime, the 
number of discharges , and a replacement time of the 
rechargeable battery cells, as the information indicative 
of the state of the rechargeable battery cells. 

30 In a preferred aspect of the present invention, the 

rechargeable battery unit comprises a charge controller 
for controlling charging of the rechargeable battery cells 
in accordance with a battery voltage and/or a battery 



temperature of the rechargeable battery cells detected by 
the battery state monitoring unit . 

Also, in a preferred aspect of the present invention, 
the power supply unit comprises a first invertor for 
converting the AC power supplied from the outside to AC 
power for driving a primary winding of an insulating 
transformer, a DC voltage stabilizer circuit for 
retrieving power from a secondary winding of the 
insulating transformer to generate a predetermined DC 
stabilized voltage, a charging unit for retrieving power 
from a ternary winding of the insulating transformer for 
use in charging the rechargeable battery cells, and a 
second invertor for DC/AC converting the power supplied 
from the rechargeable battery cells for driving the 
ternary winding. 

' The rechargeable battery unit comprises a power 
supply monitoring unit for monitoring a state of the power 
supply unit . 

Further, in a preferred aspect of the present 
invention, the rechargeable battery unit comprises 
performance determining means for determining backup 
performance of the rechargeable battery cells for the 
electronic device in accordance with a battery temperature 
of the rechargeable battery cells and the power 
consumption by the electronic device, and result 
outputting means for outputting the result of 
determination. Particularly, the performance determining 
means is configured to calculate the power consumption by 
the electronic device from the current value supplied to 
the electronic device from the power supply unit, and to 
determine based on the amount of used power and the 
battery temperature of the rechargeable battery cells 
whether or not the rechargeable battery cells are capable 
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of supplying the electronic device with backup power which 
can compensate the operation of the electronic device. 

Specifically, the result output means is implemented 
as a display unit for displaying the result of 
5 determination as to the backup performance of the 

rechargeable battery cells for the electronic device, or 
notifying means for notifying the electronic device body 
of the result of determination. 

Further, in the uninterruptible power supply 
10 according to the present invention, the power supply unit 
and/or the rechargeable battery unit comprise an alarm 
function for detecting an interruption of the AC power 
supplied from the outside to inform the interrupted AC 
power. The alarm function includes means for informing the 
ul 15 interrupted AC power through a visual display and/or 
L. rumbling, and resetting means for stopping the information. 

3 Also, the rechargeable battery unit in the 

uninterruptible power supply according the present 
invention comprises charge energy detecting means for 
20 detecting a charge energy of the rechargeable battery 

cells, charging/discharging detecting means for detecting 
a charging/discharging state of the rechargeable battery 
cells, failure detecting means for detecting a failure of 
the rechargeable battery cells and/or the power supply 
25 unit, charge energy display means for displaying the 

charge energy of the rechargeable battery cells detected 
by the charge energy detecting means in multiple stages, 
charging/discharging display means for displaying the 
charging/discharging state of the rechargeable battery 
30 cells detected by the charging/discharging detecting means, 
and alarming means for informing a failure detected by the 
failure detecting means. 

The charge energy display means is configured to 
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divide the charge energy of the rechargeable battery cells 
into n stages (n is a natural number equal to or larger 
than two), wherein the charge energy display means 
includes n display segments corresponding to the 
5 respective stages, which are selectively driven to display 
the charge energy in multiple stages. The 

charging/discharging display means comprises a function of 
displaying a charging state and a discharging state of the 
rechargeable battery cells in different display forms, and 
10 stops the display when the rechargeable battery cells 
□ reach a full charge. 

H Further, the alarming means is configured to inform a 

W failure of the rechargeable battery cells and/or the power 

il supply unit continuously until a reset instruction is 

P 15 given after detecting the failure. The charge energy 
« detecting means in turn is configured to maintain the same 

{ ;i output as that generated when the full charge is detected 

I s * to drive the charge energy display means even if the 

)i charge energy detecting means detects a reduction in the 

I** 20 charge energy due to a self discharge of the rechargeable 
battery cells after the full charge of the rechargeable 
battery cells has been detected. 

In a preferred embodiment of the present invention, 
the uninterruptible power supply comprises a cooling fan 
2 5 implemented as incorporated in a housing which integrally 
accommodates the electronic device, the power supply unit, 
and the rechargeable battery unit for cooling down at 
least one of the electronic device, the power supply unit 
and the rechargeable battery unit. The power supply unit 
30 or the rechargeable battery unit comprises a fan lifetime 
detecting function for determining a lifetime or a state 
of the cooling fan for notification to the electronic 
device • 
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The rechargeable battery unit Is integrally 
incorporated and packed in a case which is mounted in a 
drive bay previously prepared for a peripheral device in 
the housing, and mounted in the drive bay of the housing 
for use therein. 

The rechargeable battery unit comprises a cooling fan 
for cooling down the rechargeable battery cells, and a fan 
controller for controlling the operation of the cooling 
fan. Particularly, the fan controller, is configured to 
detect the temperature of the rechargeable battery to 
operate the cooling fan. Further, the fan controller 
preferably comprises a function for forcedly disabling the 
cooling fan to operate when the rechargeable battery cells 
are being charged. 



BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a diagram generally illustrating the 
configuration of an electronic device system which 
incorporates an uninterruptible power supply according to 
20 the present invention; 

Fig. 2 is a diagram illustrating an example of a 
housing which integrally accommodates an electronic device, 
a power supply unit, and a rechargeable battery unit to 
constitute an electronic device system; 

Fig. 3 is a diagram illustrating an outer appearance 
and structure of the rechargeable battery unit; 

Fig. 4 is a diagram illustrating an exemplary 
configuration of an AC/DC converter in the power supply 
unit ; 

Fig. 5 is a diagram generally illustrating the 
configuration of the rechargeable battery unit; 

Fig. 6 is a graph showing the criteria for 
determining the backup performance of a rechargeable 
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battery? 

Fig. 7 is a diagram illustrating a procedure for 
controlling a cooling fan incorporated in the rechargeable 
battery unit ; 

5 Fig- 8 is a diagram illustrating an example of a 

display arranged on a panel surface of the housing of the 
uninterruptible power supply; 

Fig, 9 is a diagram illustrating one form of multi- 
stage display, performed by an indicator composed of a 
10 plurality of light emitting diodes for indicating a 
: i charging/ discharging state of a rechargeable battery, and 

=3 a charge energy of the rechargeable battery; and 

!>! Fig. 10 is a diagram illustrating another embodiment 

^ of the multi-stage display performed by the indicator for 

il 15 indicating a charging/discharging state of the 
;L rechargeable battery and a charge energy of the 

^3 rechargeable battery* 
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DETAILED DESCRIPTION OF THE INVENTION 

In the following, an uninterruptible power supply 
according to one embodiment of the present invention will 
be described with reference to the accompanying drawings. 

Fig. 1 generally illustrates the configuration of an 
electronic device system which incorporates the 
25 uninterruptible power supply according to the present 

invention. In Fig. 1, reference numeral 10 designates an 
electronic device such as a computer, a server or the 
like; 20 a power supply unit for converting a commercial 
power supply (AC power) to DC power for driving the 
electronic device 10; and 30 a rechargeable battery unit 
which includes a rechargeable battery for storing the DC 
power converted by the power supply unit 2 0 and supplying 
the stored power to the electronic device 10 upon 
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interruption of the power supplied from the AC power 
(disconnection and failure). 

The power supply unit 20 for driving the electronic 
device 10 is mainly comprised of an AC/DC converter 21 for 
converting the commercial power supply (AC power supply) 
to predetermined DC power. In addition, the power supply 
unit 20 according to this embodiment comprises a state 
detector 22 for detecting the operating state of the AC/DC 
converter 21; and a communication function 23 for 
notifying the electronic device 10 of state information 
j 'l detected by the state detector 22. The power supply unit 

q 20 further comprises an alarm function 24 operable when 

! s a the state detector 22 detects a failure of the commercial 

l»f power supply for notifying to that effect; and a dedicated 

j;i 15 cooling fan 25 for cooling the AC/DC converter 21 to 
;L stabilize the operation thereof. 

3 The state detector 22 examines an input state of the 

j ^ commercial power supply (AC power supply) as the operating 

□ state of the AC/DC converter 21 to detect a disconnection 

" 20 of a commercial power supply line and a failure of the 
commercial power supply. The state detector 22 is also 
configured to detect an operating time period of the 
cooling fan 25 from a time period during which the 
electronic device 10 is supplied with the DC power for 
25 determining a time at which the cooling fan 2 5 should be 
replaced. 

The rechargeable battery unit 30 in turn comprises a 
rechargeable battery 31 which is basically comprised of a 
plurality of nickel-metal hydride (Ni-MH) rechargeable 
30 batteries connected in series and/or in parallel. The 
rechargeable battery unit 30 also comprises a charge 
controller 32 for controlling the charging of the 
rechargeable battery 31; and a state detector 33 for 
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detecting a charging state of the rechargeable battery 31. 
The state detector 33 has functions of detecting, for 
example, a battery voltage V, a battery temperature T, a 
capacity C, the number of discharges N, a fully charged 
5 state FC, a battery lifetime LF, and so on of the 

rechargeable battery 31. The charge controller 32 in turn 
controls the charging of the rechargeable battery 31 in 
accordance with the state of the rechargeable battery 31 
detected by the state detector 33. Then, the rechargeable 
10 battery unit 3 0 is responsible for discharging the DC 
power energy stored in the rechargeable battery 31 to 
drive the AC/DC converter 21 to supply the electronic 
device 10 with the DC power when the AC/DC converter 21 
stops operating due to a failure of the commercial power 
15 supply, and so on. 

The rechargeable battery unit 3 0 also comprises a 
communication function 34 for communicating data with the 
electronic device 10. The communication function 34 
notifies the electronic device 10, as required, of state 
20 information on the rechargeable battery 31 such as the 

battery voltage V detected by the state detector 33. The 
rechargeable battery unit 30 further comprises a dedicated 
cooling fan 3 5 for cooling the rechargeable battery 31, as 
described later, and a controller 3 6 associated therewith. 
25 The rechargeable battery unit 30 further comprises a 

display unit 37 for displaying a charging state of the 
rechargeable battery 31 and so on, and an alarm function 
38 for informing a failure of the commercial power supply 
(AC power supply) as mentioned above. 

Communications of information among the rechargeable 
battery unit 30, power supply unit 2 0 and electronic 
device 10 are made using a communication function 13 built 
in the electronic device 10 in accordance with 
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communication specifications of, for example, RS-23 2C. 
Specifically, a data communication path is formed by 
sequentially connecting the communication function 13 
provided in the electronic device 10, the communication 
function 23 provided in the power supply unit 20, and the 
communication function 3 4 provided in the rechargeable 
battery unit 30 using RS-23 2C cables or the like. Then, in 
accordance with a predetermined data communication 
procedure, information from the rechargeable battery unit 
30 , for example, is notified to the electronic device 10 
through the power supply unit 20, while information from 
the power supply unit 20 is also notified to the 
electronic device 10. 

Specifically, information on [power supply 
temperature], [power], [trouble in fan], [AC interruption 
signal (failure detection signal], and so on is notified, 
for example, from the power supply unit 20 to the 
rechargeable battery unit 30. On the other hand, [battery 
check signal], [shut-down signal], [connection recognition 
signal], [battery voltage reduction signal], [AC fail 
signal], and so on are notified from the rechargeable 
battery unit 30 to the power supply unit 20 and the 
electronic device 10 . 

Alternatively, the communication function 34 of the 
rechargeable battery unit 3 0 may be connected to the 
communication function 13 of the electronic device 10 
through an RS-232C cable to directly notify the state 
information on the rechargeable battery 31 detected in the 
rechargeable battery unit 30 to the electronic device 10. 
In this event, the information on the power supply unit 20 
may be notified to the electronic device 10 through the 
rechargeable battery unit 30. Further alternatively, the 
electronic device 10 may of course communicate 
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independently with the rechargeable battery unit 30 and 
with the power supply unit 20 , respectively. 

Then, the electronic device 10 monitors the power 
supply unit 20 and the rechargeable battery unit 20 for 
5 their operating states from the information notified from 
these power supply unit 20 and rechargeable battery unit 
30, The electronic device 10 determines from the result of 
monitoring whether or not the power supply unit 20 and the 
rechargeable battery unit 3 0 are normally functioning, 
10 respectively* Also, the electronic device 10 recognizes a 
failure of the commercial power supply, for example, from 
% the information notified from the power supply unit 20 and 

L! the rechargeable battery unit 30 to execute a sequence of 

data integration processing which involves saving a 

f iSjj 

f 15 variety of data expanded in the electronic device 10 in a 
! non-volatile memory within a period in which backup DC 

5 power is supplied from the rechargeable battery unit 30. 

~ Basically, the electronic device 10 and the power 

SSj, 

!3 supply unit 20 are integrally incorporated in a housing 11 

"20 in a mini -tower type box shape, for example, as 

illustrated in Fig. 2, to constitute a single electronic 
device system ♦ A cooling fan 12 is also incorporated in 
the housing 11, for example, on the back side, such that 
the cooling fan 12 forcedly circulates air into the 
25 housing 11 to cool down the entire electronic device 
system . 

The rechargeable battery unit 30 is incorporated into 
the housing 11, which forms part of the electronic device 
system, to be integrated with the electronic device system. 
30 Particularly, the rechargeable battery unit 30 is 

implemented as accommodated in a case having a size which 
is fitted, for example, into a 3.5-inch drive bay 
previously provided in the housing 11 for mounting a 
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peripheral device. Thus, the rechargeable battery unit 30 
is mounted in the 3.5-inch drive bay for use in the 
electronic device system. 

Specifically, the rechargeable battery unit 30 has 
5 the rechargeable battery 31 comprised of a nickel-metal 
hydride (Ni-MH) rechargeable battery which is small in 
size but has a large battery capacity. Particularly, the 
rechargeable battery unit 30, the structure of which is 
generally illustrated in Fig. 3, comprises a battery case 

10 41 made, for example, of aluminum having a high thermal 

conductivity in the shape of flat box, and a plurality of 
cylindrical nickel-metal hydride rechargeable batteries 
arranged side by side in the battery case 41 to form a 
battery pack. The battery case 41, serving as the battery 

15 back, is again accommodated in a case 42 which can be 

mounted in the drive bay of the housing 11. The case 42 is 
covered with a lid, not shown. 

As compared with a lead rechargeable battery of the 
same class, a nickel-metal hydride rechargeable battery of 

20 12V- 3Ah class is superior substantially twice as much in 
terms of variations in the battery capacity (effective 
capacity) when it is discharged, for example, from a fully 
charged state at a constant current of 20 A. In addition, 
the nickel-metal hydride rechargeable battery of 12V-3Ah 

25 class has a higher energy density than the lead 

rechargeable battery of the same class, and only has a 
volume substantially 1/5 of the lead rechargeable battery. 
Therefore, if the rechargeable battery 31 is provided with 
the backup performance (effective capacity) substantially 

30 identical to a conventional lead rechargeable battery, it 
is sufficient to use a nickel-metal hydride rechargeable 
battery of 12V-1.5Ah. Furthermore, generally, a nickel- 
metal hydride rechargeable battery having a volume 
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approximately 1/10 of a lead rechargeable battery can 
perform a sufficient function as the rechargeable battery 
31 for an uninterruptible power supply. Therefore, with 
the use of the nickel-metal hydride rechargeable batteries 
for the rechargeable battery 31, the rechargeable battery 
31 can be fitted in the case 42 which can be mounted in 
the drive bay of the housing 11 of the electronic device 
system. 

The rechargeable battery 31 accommodated in the 
battery case 41 to form a battery pack is removably 
incorporated in the case 42, and electrically connected to 
circuit boards 43 j 44 previously Incorporated in the case 
42 through signal cables 45, 46 to constitute the 
rechargeable battery unit 30. 
15 The case 4 2 is provided with the aforementioned 

cooling fan 3 5 disposed on the back side for circulating 
air into the case 4 2 to cool the rechargeable battery 31 
particularly through the battery case 41. The cooling fan 
35, which is driven under the control of a fan controller 
36 incorporated in the circuit board 43 disposed on the 
back side of the case 42, is selectively driven, for 
example, when the state detector 33 detects a rise in the 
battery temperature T. With the provision of the cooling 
fan 3 5 as described above, the rechargeable battery unit 
30 is controlled with respect to its temperature 
independently of the aforementioned electronic device 10 
and power supply unit 2 0 to suppress a reluctant 
temperature rise in the rechargeable battery 31, as 
described later. 

An indicator 48 comprised of LEDs and so on is 
incorporated in a front panel of the case 42. The 
indicator 48 is driven for display under the control of a 
display unit 37 incorporated in the circuit board 44 
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disposed on the front side of the case 42. The indicator 
48 indicates, for example, a charging state of the 
rechargeable battery 31 detected by the state detector 33, 
specifically, information such as the battery voltage V 
and the charge capacity C, as well as a 

charging/discharging state, the number of discharges and 
so on. Also, the indicator 48 indicates a power failure 
under the control of the aforementioned alarm function 38 . 

In this embodiment, the battery case 41 comprises a 
box 41a in which a plurality of cylindrical nickel -metal 
hydride rechargeable batteries are arranged side by side; 
and a lid 41b provided to cover the top surface of the box 
41a. Particularly, the lid 41b is made of aluminum or the 
like, which has a high thermal conductivity, and has a 
corrugated shape so that the lid 41b is sequentially 
brought into close contact with the peripheral surfaces of 
the plurality of cylindrical nickel-metal hydride 
rechargeable batteries arranged side by side in the box 
41a, thereby increasing a degree of thermal coupling with 
the nickel-metal hydride rechargeable batteries. The lid 
41b is also formed with a plurality of parallel partition 
plates (heat dissipating fins) 41c protruding from the top 
surface of the lid 41b. In this event, the bottom surface 
of the box 41a may be in a similar shape to the lid 41b. 

In this way, the cooling fan 3 5 efficiently cools 
down the nickel-metal hydride rechargeable batteries 
through the lid 41b by circulating the air onto the top 
surface of the lid 41b along the partition plates 41c, in 
cooperation with the structure of the aforementioned 
battery case 41. Though not particularly Illustrated, the 
circuit board which incorporates the state detector 33 is 
accommodated in the battery case 41 together with the 
nickel -metal hydride batteries in the form of battery pack. 
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In the embodiment illustrated in Fig. 3, the signal 
cables 45, 46 are coupled between the battery case 41 and 
the circuit boards 43, 44, respectively, through 
connectors. Alternatively, these signal cables 45, 46 may 
5 be directly led from the battery case 41 such that they 
are connected only to the circuit boards 43, 44 through 
connectors. Also, though not particularly illustrated, the 
battery case 41 may of course be connected directly to the 
circuit boards 43, 44 through connectors without using the 

10 signal cables 45, 46. 

The compact rechargeable battery unit 30, having the 
rechargeable battery 31 and so on integrally incorporated 
in the box-shaped case 42, is incorporated in the housing 
11 utilizing an empty 3.5-inch drive bay in the housing 11 

15 described above. Then, by connecting a predetermined power 
supply cable led from the rechargeable battery 31 in the 
rechargeable battery unit 3 0 internally to charge/recharge 
power supply terminals of the power supply unit 20, the 
rechargeable battery unit 30 is integrated into the 

20 electronic device system which is comprised of the 
electronic device 10 and the power supply unit 20. 

When the housing 11 has no empty drive bay, the 
rechargeable battery unit 30 may be mounted, for example, 
in a region for adding a hard disk drive within the 

25 housing 11, thereby incorporated into the electronic 
device for use therewith. However, if the region for 
adding a hard disk drive has been filled with an added 
hard disk drive, the rechargeable battery unit 30 may be 
attached external to the housing 11. Even in such a 

30 configuration, the electronic device 10 is notified of 
information indicative of the operating states of the 
power supply unit 20 and the rechargeable battery unit 3 0 
by Interconnecting the electronic device 10, power supply 
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unit 20 and rechargeable battery unit 30 through RS-232C 
cables . 

Now describing in greater detail the AC /DC converter 
21 incorporated in the power supply unit 20, the AC/DC 
5 converter 21 is configured, for example, as illustrated in 
Fig. 4. Specifically, the AC/DC converter 21 comprises a 
rectifier/smoother circuit 52 for rectifying and smoothing 
the commercial power supply (AC power) 51; and a first 
invert or circuit 53 for converting the output (DC) of the 

10 rectifier/ smoother circuit 2 to AC power for driving a 

primary winding Tl of an Insulating transformer T. Then, 
the power generated in a secondary winding T2 of the 
insulating transformer T resulting from the primary 
winding Tl driven by the first inverter circuit 53 is 

15 rectified and smoothed by a rectifier/smoother circuit 54, 
and applied to a regulator 5 5 which generates from the 
output of the rectifier/ smoother circuit 54 three DC 
stabilized voltages consisting, for example, of 3.3 V, 5 V 
and 12V. These stabilized DC voltages are supplied to the 

20 electronic device 10. 

The Insulating transformer T also comprises a ternary 
winding T3 . The power generated in the ternary winding T3 
resulting from the primary winding Tl driven by the first 
invert or circuit 53 is retrieved from a limit er 5 6 for 

25 limiting a charge current through a diode 57, and output 
to the rechargeable battery unit 30 as the power for 
charging the rechargeable battery 31. 

The AC/DC converter 21 also comprises a second 
invert or circuit 58 for driving the ternary winding T3 . 

30 The second lnvertor circuit 58 serves to convert the power 
supplied from the rechargeable battery 31 in the 
rechargeable battery unit 30 to AC power for driving the 
ternary winding T3 when the first lnvertor 53 stops 
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operating due to a failure of the commercial power supply 
51 or the like. The ternary winding T3 is thus driven by 
the second invertor circuit 58 to generate power in the 
secondary winding T2 similar to that which is generated 
when the first winding Tl is driven by the first invertor 
circuit 53. As a result, the regulator 55 receives the 
power from the rechargeable battery 31 to generate and 
output a predetermined stabilized DC voltage when the 
commercial power supply 51 fails. 

The power supply unit 20 comprises a power supply 
state monitoring unit (state detector) 22 for detecting 
the operating states of respective components in the power 
supply unit 20, represented by the regulator 55, for 
example, the values of the stabilized DC voltages, an 
output voltage of the rectifier/smoother circuit 52, and 
so on to monitor their operating states. Information on 
the state of the power supply unit 20 detected by the 
power supply state monitoring unit 22 is notified to the 
rechargeable battery unit 30 and the electronic device 10, 
respectively, as described above. 

For the AC/DC converter 21 configured as described 
above, the rechargeable battery unit 30 is configured, for 
example, as illustrated in Fig. 5. Specifically, a 
positive terminal of the rechargeable battery 31 comprised 
of a plurality of serially connected battery cells is 
connected to a discharge terminal [D+] as well as to a 
charge terminal [C+] through a switching element (FET) 61 
for charge control. A negative terminal of the 
rechargeable battery 31 is connected to a negative 
terminal [ - ] common to charging and discharging through a 
current detecting resistor 62. 

The discharge terminal [D+] is connected to one end 
of the ternary winding T3 in the power supply unit 20, 
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while the charge terminal [C+] is connected to the limiter 
56 through the diode 57. The negative terminal [-] is 
connected to the invertor 58 in the AC/DC converter 21. 
Then, the rechargeable battery 31 is charged by 
5 controlling the switching element (FET) 61 to apply the 
rechargeable battery 31 with a pulsed voltage applied 
between the charge terminal [C+] and the negative terminal 
[-] through a connection to the ternary winding T3 of the 
insulating transformer T. The power stored in the 
10 rechargeable battery 31 is discharged through the 
^ discharge terminal [D+] and the negative terminal [-]. The 

?!? power discharged from the rechargeable battery 31 is 

Lri switched under the control of the invertor 58 in the AC/DC 

converter 21 to be intermittently supplied to the ternary 
h* 15 winding T3, thereby driving the ternary winding T3 . 
jL The rechargeable battery unit 30 for controlling the 

■*3 charging and discharging of the rechargeable battery 31 

[2 comprises a battery voltage detector 62 for detecting a 

P battery voltage of the rechargeable battery 31, and a 

20 temperature detector 63 for detecting the temperature of 

the rechargeable battery 31. The battery voltage detector 
62 has a function of detecting the battery voltage across 
the entire rechargeable battery 31. The temperature 
detector 63 in turn is responsible for detecting the 
25 temperature of the rechargeable battery 31 (battery 

temperature) using a temperature sensor 64 adhered to a 
peripheral surface of the rechargeable battery 31. The 
rechargeable battery unit 3 0 also comprises a current 
detector 65 for detecting a charge/discharge current of 
3 0 the rechargeable battery 31 from a voltage drop generated 
across both ends of the resistor 62 interposed in series 
with a charge/discharge path of the rechargeable battery 
31 as described above, and for distinguishing a charging 
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state from a discharging state for the rechargeable 
battery 31 from the polarity of the voltage drop. 

The battery state monitoring unit {state detector) 33, 
for example, comprised of a CPU, which is a main component 
of the controller in the rechargeable battery unit 3 0 
monitors the state of the rechargeable battery 31 from the 
battery voltage V detected by the battery voltage detector 
62; the battery temperature T detected by the temperature 
detector 63; the charge /discharge current I detected by 
the current detector 65; and so on. The battery state 
3 monitoring unit (state detector) 33 further controls the 

% charging and discharging of the rechargeable battery 31 in 

A accordance with a charging state and discharging state of 

i the rechargeable battery 31 in a manner described below. 

* 15 Specifically, the battery state monitoring unit 33 

3 monitors whether or not the rechargeable battery 31 has 

3 reached the fully charged state from the battery voltage 

3 and battery temperature (full charge detecting function). 

t Then, the battery state monitoring unit 33 controls the 

20 pulse charge controller 32 to drive the switching element 
(FET) 61 to charge the rechargeable battery 31 in a 
pulsatile manner until the full charge of the rechargeable 
battery 31 is detected. Also, when the rechargeable 
battery 31 has been fully charged, the battery state 
2 5 monitoring unit 33 stops charging the rechargeable battery 
31 to prevent the same from being overcharged. 

Employed for controlling the charging of the 
rechargeable battery 31 is an approach of detecting, for 
example, a peak value of the battery voltage (peak value 
detecting method) , or an approach of detecting a decrease 
of the battery voltage from the peak value by a 
predetermined voltage ( -AV method) to stop charging the 
rechargeable battery 31. Also employed as appropriate is a 
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method of detecting the battery temperature reaching a 
predetermined value, taking advantage of the fact that the 
voltage temperature rises as the battery is charged (TCO 
method); a method of detecting a rise in the battery 
5 temperature from a predetermined temperature by a preset 
temperature (AT method); or a method of detecting a rising 
rate of the battery temperature per unit time (AT/ At 
method) to stop charging the rechargeable battery 31. 
In this event, if the charge energy of the 

10 rechargeable battery 31 is reduced due to a self discharge 
after the battery state monitoring unit 33 detects the 
full charge to stop charging the rechargeable battery 31, 
the rechargeable battery 31 may of course be charged again 
or intermittently charged under the control of the battery 

15 state monitoring unit 33. 

The battery state monitoring unit 33 also detects the 
charge energy of the rechargeable battery 31 from the 
battery voltage and charge current detected as described 
above, while controlling the charging of the rechargeable 

20 battery 31 in the foregoing manner (charge energy 

detecting function). The battery state monitoring unit 33 
further calculates the battery lifetime from an Internal 
resistance of the rechargeable battery 31 (battery 
lifetime detecting function). Specifically, the battery 

25 state monitoring unit 33 finds the internal resistance of 
the rechargeable battery 31, for example, from a battery 
voltage Von of the rechargeable battery 31 immediately 
before the charge path for the rechargeable battery is 
shut off, and an open battery voltage Voff of the 

30 rechargeable battery 31 after the charging path has been 
shut off. Then, the battery lifetime is calculated based 
on a close correspondence relationship between the 
internal resistance and the lifetime of the rechargeable 



battery 31. 

The lifetime of the rechargeable battery 31 may be 
managed, for example, by counting the number N of 
discharges of the rechargeable battery 31, and regarding 
the number N of discharges as the number of repeated 
charges and discharges . When the number of repeated 
charges and discharges has reached a predetermined control 
value, the battery state monitoring unit 33 outputs a 
message for prompting the user to replace the rechargeable 
battery 31 through the display unit 37, assuming that the 
lifetime of the rechargeable battery 31 is about to expire, 
or notifies the electronic device 10 to that effect. By 
providing such a function, it is possible to avoid using 
the rechargeable battery 31 as it is after the lifetime 
has expired. 

In addition, the battery state monitoring unit 33 has 
a function of detecting information on anomalous battery 
temperature of the rechargeable battery 31, and a function 
of monitoring an anomalous state of the power supply unit 
20 through the power supply monitoring unit 66. The charge 
energy and charging/discharging state of the rechargeable 
battery 31 detected by the battery state monitoring unit 
33 are displayed on the display unit 37, and an alarm is 
generated using an alarm 38 when a fault is detected. 

The battery state monitoring unit 33 further 
comprises a backup performance determining function for 
determining whether or not the operation of the electronic 
device 10 can be ensured for a predetermined time period 
using the power energy stored in the rechargeable battery 
31 when the commercial power supply 51 fails, as described 
later. The backup performance determining function is 
implemented by comparing the power energy stored in the 
rechargeable battery 31 with the electric energy required 
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to drive the electronic device 10 for the predetermined 
time period, for example, in accordance with the battery 
temperature of the rechargeable battery 31 detected by the 
temperature detector 63, and the power consumption in the 
5 electronic device 10 found by the power supply state 
monitoring unit 22 in the power supply unit 20, 

Specifically, the backup performance determining 
function operates when the power supply unit 20 receives 
the commercial power supply 1 to supply the electronic 
^ 10 device 10 with the driving power (during a normal 
i3 operation) to detect the power consumption by the 

electronic device 10 (power consumption) from the current 
value of a stabilized power supply fed to the electronic 

□ device 10 from the power supply unit 20, or a current 

! * 15 output from the inverter 53. Then, the backup performance 

□ determining function basically determines the backup 

It performance by calculating a time period during which the 

w electronic device 10 can be supplied with backup power. 

U from the rechargeable battery unit 30 in accordance with 

20 the power consumption by the electronic device 10, and the 
electric energy which can be supplied from the 
rechargeable battery 31 to the electronic device 10 
(charge capacity) . 

Specifically, this determination is practically made 
25 by comparing the amount of backup power (current value) 

which can be supplied from the rechargeable battery 31 for 
the predetermined time period, which can be previously 
calculated in accordance with the charge capacity (maximum 
charge capacity) in the fully charged state of the 
30 rechargeable battery 31, with the power consumption by the 
electronic device 10. The power consumption by the 
electronic device 10 may be calculated as the amount of 
used power at a current time. Alternatively, since the 
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amount of used power varies depending on how the 
electronic device 10 is used, the power consumption by the 
electronic device 10 may be calculated, for example, as an 
average value of the amount of used power over a 
5 predetermined time period, as a maximum value of the same, 
or the like. 

Moreover, from the fact that the electric energy 
which can be supplied from the rechargeable battery 31 
varies in accordance with battery characteristics which 
3 10 depend on the battery temperature, and is reduced as the 
3 battery performance is degraded particularly at a low 

temperature, the backup performance determining function 
corrects the amount of backup power which can be supplied 
from the rechargeable battery 31 for the predetermined 
'* 15 time period in accordance with the battery temperature 
•3 detected in the temperature detector 63. In this way, the 

!f determination is made in consideration of the battery 

i temperature by comparing the corrected electric energy 

I with the power consumption by the electronic device 10. 

20 Furthermore, from the fact that the battery 

temperature further rises due to internally generated heat 
caused by a discharge when the rechargeable battery 31 is 
heated beyond a temperature below which the battery 
characteristics are guaranteed, the backup performance 
25 determining function assumes that the amount of backup 

power which can be supplied from the rechargeable battery 
31 is zero when the battery temperature of the 
rechargeable battery 31 exceeds the guaranteed temperature, 
Specifically, the backup performance determining 
30 function relies on determination criteria which have been 
set, for example, as shown in Fig. 6 to determine whether 
the rechargeable battery 31 provides sufficient backup 
performance for the electronic device 10 [ in a 
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determination region X] ; whether the backup performance is 
slightly insufficient [in a determination region Y] ; or 
whether the backup performance is insufficient [in a 
determination region Z] in accordance with the battery 
temperature detected in the temperature detector 63, and a 
standard power consumption by the electronic device 10, 
Particularly, in this example, though depending on the 
chargeable power capacity of the rechargeable battery 31, 
the backup performance determining function determines 
that the electronic device 10 is beyond a limit below 
which the rechargeable battery 31 can guarantee the 
operation of the electronic device 10 upon power failure, 
for example, when the standard power consumption by the 
electronic device 10 is 315 W or more [in the 
15 determination region Z], and determines that the 

rechargeable battery 31 can guarantee the operation of the 
electronic device 10 only when the standard power 
consumption by the electronic device 10 is 300 W or less 
[in the determination region X] . 

In addition, the backup performance determining 
function determines that the rechargeable battery 31 
cannot guarantee the operation of the electronic device 10 
even if the standard power consumption by the electronic 
device 10 is 300 W or less when the battery voltage of the 
rechargeable battery 31 is below 10 • C or above 50 °C, in 
addition to the aforementioned determination criteria. 
Furthermore, the backup performance determining function 
determines that the rechargeable battery 31 cannot 
guarantee the operation of the electronic device 10 when 
30 the battery temperature is above 60 °C. 

The backup performance determining function displays 
the result of determination as described, for example, on 
the display unit 37, or notifies the electronic device 10 
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of the result of determination through the communication 
function 34, thereby outputting information as to whether 
or not the rechargeable battery 31 is capable of 
sufficiently implementing the role of uninterruptible 

power supply - 

Upon receipt of the notice from the rechargeable 
battery unit 30, for example, the electronic device 10 
displays in accordance with the contents of the notice 
that a backup framework has been established for a power 
failure by displaying a predetermined icon for displaying 
the backup power supply function in [green] or the like, 
for example, when the backup performance has been 
sufficiently ensured by the rechargeable battery 31 [in 
the determination region X]. On the other hand, when the 
15 backup performance by the rechargeable battery 31 is 

slightly insufficient [in the determination region Y] , the 
electronic device 10 displays the icon for displaying the 
backup power supply function in [orange] or the like to. 
draw attention of the user to the backup framework for a 
2 0 power failure. Then, when the backup performance of the 

rechargeable battery 31 is completely insufficient [in the 
determination region Z], the electronic device 10 displays 
the icon for displaying the backup power supply function 
in [red] or the like to warn about the backup framework 

2 5 for a power failure. 

By providing the function of determining the backup 
performance of the rechargeable battery 31, it is 
precisely determined whether or not the rechargeable 
battery 31 can really back up the electronic device 10 

3 0 upon power failure in accordance with the power 

consumption by the electronic device 10 intended for the 
backup even if the rechargeable battery 31 has been 
charged in a fully charged state. Then, the result of 
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determination is notified to the electronic device 10 or 
the operator, thereby making it possible to precisely 
understand the backup performance provided by the 
uninterruptible power supply in the electronic device 10, 
Also, the backup performance of the rechargeable battery 
31 is determined in consideration of the battery 
temperature, so that, for example, if insufficient backup 
performance is displayed although the backup performance 
is sufficiently ensured in a normal operation, the 
electronic device 10 can assume that the uninterruptible 
power supply has failed, or that a load on the electronic 
device 10 is unusually (reluctantly) being increased . 
Therefore, advantageously, an appropriate count ermeasure 
can be taken before a power failure. In other words, the 
backup performance provided by the rechargeable battery 31 
(uninterruptible power supply) can be precisely monitored 
on the electronic device 10. 

The battery state monitoring unit 33 drives the fan 
controller 36 in accordance with the battery temperature 
of the rechargeable battery 31. The fan controller 36 is 
responsible for operating the cooling fan 3 5 to cool down 
the rechargeable battery 31 when the battery temperature 
of the rechargeable battery 31 exceeds a predetermined 
control temperature, and for stopping operating the 
cooling fan 31 when the battery temperature is below the 
control temperature or another control temperature lower 
than this control temperature. By thus maintaining the 
battery temperature of the rechargeable battery 31 
substantially constant, the rechargeable battery 31 is 
prevented from being exposed to a high battery temperature 
for a long time period, and as a result, its battery 
characteristics are obviated from being largely 
deteriorated . 
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However, as the cooling fan 35 Is operated to prevent 
the rechargeable battery 31 from being heated, the battery 
temperature does not easily rise when charged, causing a 
sluggish change in the battery voltage, resulting in a 
5 possible delay in the charging control, possible inability 
of the charging control itself to effectively work, and so 
on . 

To avoid such inconveniences, the fan controller 36 
has a function of forcedly disabling the operation of the 
13 10 cooling fan 35 while the rechargeable battery 31 is being 
1 charged. Specifically, referring, for example, to a 

& general flow of processing control illustrated in Fig, 7, 

V the fan controller 26 determines, for example, from the 

f result of monitoring made by the battery state monitoring 

15 unit 33 whether or not the rechargeable battery 31 is 
i being charged [step SI]. The fan controller 35 stops 

* operating the cooling fan 3 5 [step S2] when the 

rechargeable battery 31 is being charged. The cooling fan 
35 is disabled to operate, for example, by breaking a 
20 power supply line for driving the fan, supplied from the 
power supply unit 20. The fan controller 26 executes the 
operational control for the cooling fan 25 only when the 
rechargeable battery 31 is not being charged [step S3] 
By providing the fun control function as described 
2 5 above, the rechargeable battery 31 will not be forcedly 
cooled down while it is being charged since the cooling 
fan 3 5 is disabled to operate under the control of the fan 
controller 36. Therefore, the charge voltage and battery 
voltage of the rechargeable battery 31 change as the 
30 rechargeable battery 31 is charged more, and present 

behaviors conforming to the charge energy. For this reason, 
the battery state monitoring unit 33 can precisely monitor 
the charging state of the rechargeable battery 31 to 
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reliably perform the charge control (for stopping the 
charging when the rechargeable battery 31 is fully 
charged) without delay. 

Even if the battery temperature of the rechargeable 
5 battery 31 rises due to the influence of its surrounding 
environment, changes in the battery voltage and battery 
temperature from the start of charging exhibit behaviors 
conforming to the charge energy, thereby making it 
possible to detect the fully charged state and stop 

10 charging the rechargeable battery 31 without fail. Also, 
even if the operation of the cooling fan 3 5 is forcedly 
stopped in this way while the rechargeable battery 31 is 
being charged, the charging is generally completed within 
a predetermined time period, so that the rechargeable 

15 battery 31 is unlikely to be exposed to a high temperature 
state for a long time period. Therefore, even with the 
dedicated cooling fan 3 5 for cooling down the rechargeable 
battery 31, the rechargeable battery 31 can be stably 
charged while eliminating the influence of the cooling fan 

20 35. 

The rechargeable battery unit 30 comprises the 
Indicator 48 on the front surface of the case 42 
illustrated in Fig. 3, which is driven for display under 
the control of the display unit 37 incorporated in the 

25 circuit board 44. For example, as illustrated in Fig. 8, 

the indicator 48 comprises a light emitting diode (LED) 71 
for displaying a charging/ discharging state of the 
rechargeable battery 31; five light emitting diodes 72, 73, 
74, 75, 76 for displaying the charge energy of the 

30 rechargeable battery 31 in multiple stages; and a light 
emitting diode 7 7 for displaying a failure in the 
rechargeable battery 31. The display unit 37 selectively 
lights (blinks) these light emitting diodes 71, 72 to 76, 
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77 in accordance with the state of the rechargeable 
battery 31 detected by the battery state monitoring unit 
33 to display the state of the rechargeable battery 31 , 
specifically, a charging/discharging state of the 
5 rechargeable battery 31, the charge energy, and the 
presence or absence of a failure. 

The five light emitting diodes 72, 73, 74, 75, 76 for 
displaying the charge energy of the rechargeable battery 
31 in multiple stages serve to display the charge energy 

10 Cap of the rechargeable battery 31, for example, in five 

stages in increments of 20 %, with the fully charged state 
being indicated as 100 %. A two-color light emitting diode 
may be used, for example, for the light emitting diode 
(LED) 71 for displaying the charging/ discharging state of 

15 the rechargeable battery 31, such that the light emitting 
diode 71 is driven to emit light in different colors in a 
charging state and in a discharging state. Thus, the state 
of the rechargeable battery 31 is precisely displayed in a 
readily understandable manner by the light emitting diode 

20 71 which displays the charging/discharging state of the 

rechargeable battery 31, and the light emitting diodes 72 
to 76 which display the charge energy of the rechargeable 
battery 31. 

Specifically, the seven light emitting diodes 71, 72 
25 to 76, 77 are driven to display the state of the 

rechargeable battery 31, for example, as illustrated in 
Fig. 9. In other words, the light emitting diode 71 is 
controlled to light in a different color depending on 
whether the rechargeable battery 31 is being charged or 
30 discharged. For example, when charged, the light emitting 
diode 71 is displayed in green to indicate "under 
charging" and is stopped lighting upon completion of the 
charging. On the other hand, when the rechargeable battery 



31 



31 is being discharged, the light emitting diode 71 is 
displayed in red to indicate "under discharging." 

Then, when being discharged, in accordance with the 
charge energy of the rechargeable battery 31, the light 
5 emitting diode 72 alone is driven to light when the charge 
energy Cap of the rechargeable battery 31 is 20 % or less; 
the two light emitting diodes 72, 73 are driven to light 
when the charge energy Cap exceeds 20 % and is equal to or 
less than 40 %; the three light emitting diodes 72, 73, 74 
10 are driven to light when the charge energy Cap exceeds 
; : E; 40 % and is equal to or less than 60 %; and the four light 

! -3 emitting diodes 72, 73, 74, 75 are driven to light when 

: F5 

\H the charge energy Cap exceeds 60 % and is equal to or less 

than 80 %. When the charge energy Cap exceeds 80 %, all of 
\1 15 the five light emitting diodes 72 to 76 are driven to 
!U light • 

3 When all of the five light emitting diodes 72 to 76 

!^ are lit in this way, it is determined whether the 

j '3 rechargeable battery 31 is being charged or has been 

" 20 charged depending on whether or not the light emitting 

diode 71 indicative of the charging/discharging state is 
lit. When discharged, the respective light emitting diodes 
72, 76 are selectively lit in accordance with the charge 
energy Cap. In this event, however, the light emitting 
25 diode 71 indicative of the charging/discharging state is 
driven in a different manner from that when charged, so 
that it is determined from the lighting state of the light 
emitting diode 71 that the rechargeable battery 31 is 
being discharged. 
3 0 As the battery state monitoring unit 33 detects the 

fully charged rechargeable battery 31, the rechargeable 
battery 31 is controlled to stop charging, as described 
above. However, the rechargeable battery 31 is charged 
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again when its charge energy is reduced to a predetermined 
value due to a self discharge after it has been fully 
charged. In this event, the battery state monitoring unit 
33 is desirably configured to apply the same signal to the 
5 charge energy display circuit and so on as that which is 
applied when the full charge is detected, even if it 
detects a reduction in the charge energy due to the self 
discharge of the rechargeable battery 31. Particularly, 
when the charge energy of the rechargeable battery 31 is 

10 notified to the electronic device 10 through the 

communication unit 34, a notification of a reduction in 
the charge energy of the rechargeable battery 31 due to 
the self discharge after full charge would cause 
unnecessary anxiety on the monitoring side. It is 

15 therefore preferable that after detecting the full charge, 
the charge energy is locally compensated for in the 
rechargeable battery 31 without notifying the electronic 
device 10 of such a reduction in the charge energy due to 
the self discharge of the rechargeable battery 31. 

20 Consequently, as the charge energy Cap of the 

rechargeable battery 31 is displayed using the light 
emitting diodes 72 to 76 while the charging/discharging 
state of the rechargeable battery 31 is displayed using 
the light emitting diode 71 in the foregoing manner, the 

25 state of the rechargeable battery 31 can be readily and 
precisely understood only by viewing the lighting 
(display) states of the light emitting diodes (display 
segments) 71 to 76. It is also possible to readily confirm 
whether or not the uninterruptible power supply is 

30 normally functioning. Also, in this event, when the light 
emitting diode 77 is lit to inform a failure of the 
rechargeable battery 31, the failure can be known 
certainly, so that rapid countermeasures can be taken. 



Particularly, the uninterruptible power supply, 
unlike that which powers the electronic device 10 at all 
times from the rechargeable battery 31, powers the 
electronic device 10 in place of the power supply unit 20 
only at the time of a failure in which the power supplied 
to the electronic device 10 is interrupted from the power 
supply unit 20. It is therefore difficult to confirm 
whether or not the charging function of the rechargeable 
battery 31 is normally working simply by displaying the 
charge energy of the rechargeable battery 31. In this 
respect, according to the rechargeable battery unit 30 
which comprises a display segment (light emitting diode 
71) dedicated to the display of the charging/discharging 
state, it can be immediately known from the lit light 
emitting diode 71 that the charging of the rechargeable 
battery 31 has been started at the time the rechargeable 
battery 30 is Installed, thereby making it possible to 
readily and precisely confirm the function of the 
uninterruptible power supply- Particularly, after the 
rechargeable battery 31 has been fully charged, the light 
emitting diode 71 is unlit to Indicate that the 
rechargeable battery 31 is not in the charging/discharging 
state, and the light emitting diodes 72 to 76 are all lit 
to indicate that the rechargeable battery 31 can back up 
the electronic device 10, thereby precisely showing that 
the rechargeable battery 31 is normally functioning. 

Alternatively, the light emitting diodes 72 to 76 for 
displaying the discharge amount in multiple stages may be 
driven in different manners when charged and when 
discharged as illustrated in Fig. 10. Specifically, the 
light emitting diodes 72 to 76 indicative of the battery 
capacity (charge energy) Cap are blinked when discharged 
to more clearly display that the rechargeable battery 31 



is being discharged. In this event, since the dedicated 
display segment (light emitting diode 71) for displaying 
the charging/discharging state likewise indicates that the 
rechargeable battery 31 is being discharged, the blinking 
light emitting diodes 72 to 76 will not be misunderstood. 

Also, in this event, the charge energy Cap may be 
displayed by the light emitting diodes 72 to 76 when 
charged such that light emitting diodes indicative of the 
level to which the rechargeable battery 31 has been 
charged, for example, are lit, while a light emitting 
diode corresponding to a level to which the rechargeable 
battery 31 is now being charged is blinked. In other words, 
a light emitting diode indicative of a level corresponding 
to the charge energy Cap may be blinked, while light 
emitting diodes corresponded to levels lower than that 
(charge energy) may be continuously lit. Such a display 
form, if employed, allows a range of the previously 
reached charge energy Cap to be distinguished from a range 
of the charge energy Cap currently being charged, thereby 
making it possible to more precisely know the charge 
energy Cap. 

As described above, the rechargeable battery unit 30 
configured to have a function of detecting the state of 
the rechargeable battery 31, a communication function, and 
a display function provides the following advantages . 
Specifically, since a drive bay of the housing 11 in which 
the electronic device 10 and the power supply unit 20 are 
accommodated is utilized to incorporate the rechargeable 
battery 30 for integration with the electronic device, 
significant simplification of the entire system 
configuration, and a reduction in space for installation 
can be achieved. In addition, since the indicator 48 is 
provided on the front surface of the case 42 in the 



rechargeable battery unit 30 to display an operating state 
of the rechargeable battery unit 30 and hence a charging 
state of the rechargeable battery 31, the operating state 
of the rechargeable battery unit 30 can be confirmed and 
understood in a field at which the electronic device is 
handled. It is therefore possible to monitor without fail 
a failure of the commercial power supply, a failure of the 
power supply unit 20, and so on from the operating state 
of the rechargeable battery unit 30. 

Also, from the operation of the alarm function 38 
incorporated in the rechargeable battery 30, it is 
possible to readily know without fail troubles such as a 
failure of the commercial power supply, breakage of an 
associated power supply line, and so on. Particularly, 
even when a plurality of electronic devices are used as 
placed side by side, it is possible to precisely find out 
that a failure has occurred in a power supply line of 
which electronic device, and take countermeasures thereto. 

Further, since the rechargeable battery unit 30 
itself comprises the cooling fan 3 5 for cooling down the 
rechargeable battery 31 and operates the cooling fan 35 
Independently of the electronic device 10 and the power 
supply unit 20, it is possible to obviate the battery 
characteristics from deteriorating due to a reluctant rise 
in temperature of the rechargeable battery 31. Therefore, 
practically significant advantages are provided such as 
the ability to securely guarantee the operation of the 
electronic device 10 driven by the power supply unit 20 
while simply and effectively guaranteeing the operational 
characteristics of the rechargeable battery unit 30. 

Moreover, since the power supply unit 20 itself also 
comprises the alarm function 24, it is easy to precisely 
find out that a failure has occurred in a power supply 
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line of which electronic device of a plurality of 
electronic devices. Particularly, since the electronic 
device 10 is notified of the operating state of the 
rechargeable battery unit 30 and the operating state of 
5 the power supply unit 20 through the communication 

functions 34 , 23, the electronic device 10 can execute 
predetermined processing operations while keeping track of 
the operating states of the rechargeable battery unit 30 
and the power supply unit 20 at all times, thereby making 
10 it possible to rapidly perform data integration processing 

u| and so on upon power failure of the commercial power 

■'S supply and so on. 

! B n When the rechargeable battery unit 30 or the battery 

!^ unit 20 fails, the electronic device 10 can generate an 

i'* 15 alarm utilizing its own self -diagnosis function to rapidly 

prompt for its repair, replacement of the rechargeable 
'3 battery 31, and so on, thereby making it possible to 

i-3 readily ensure a stable operating environment at all times. 

sc? If the electronic device 10 is notified of 

20 information for prompting for replacement of the 

rechargeable battery 31, for example, when a deterioration 
of the battery characteristics of the rechargeable battery 
31 is found in a determination of the lifetime of the 
rechargeable battery 31 made by the state detector 33 
25 relying on a change in the internal resistance of the 

rechargeable battery, the number of discharges, and so on, 
the electronic device 10 which serves as an interface with 
a manager (user) can positively prompt the manager (user) 
to replace the rechargeable battery 31. Thus, the 
30 rechargeable battery 31 can be replaced with a new one 
before the rechargeable battery 31 experiences 
deteriorated battery characteristics and loses the 
function (role) of the rechargeable battery unit 30, 



thereby readily achieving the integration of function. 

For the reasons set forth above, by providing a 
communication function for notifying the state of the 
rechargeable battery 31 in the rechargeable battery unit 
30 and so on, practically significant advantages can be 
provided, such as the ability to achieve the integration 
of functions for the entire system including the 
rechargeable battery unit 30 and the power supply unit 20, 
while precisely keeping track of the operating state of 
the system under the management of the electronic device 
10 to readily and effectively ensure a stable operation of 
the electronic device 10. 

The alarm generator 19 may display an anomalous 
operation of the fan for cooling down the rechargeable 
battery 31 and an anomalous operation of the power supply 
unit 20. In addition, when the generator 19 generates an 
alarm indicative of a failure, the generator 19 preferably 
generates the alarm intermittently until a manager or the 
like, who has confirmed the failure, rests the alarm. 
Otherwise, the present invention can be modified in 
various ways in practice without departing from the gist 
thereof . 



